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(57) Abstract: 

PROBLEM TO BE SOLVED: To enable microfabrication 
by direct light by incorporating the specified silicone 
ladder polymer and a photosensitive cross-linking agent 
or a photopolymerization initiator. 

SOLUTION: The photosensitive silicone ladder polymer R3O 
composition comprises the cross-linking agent or a 
photopolymerization initiator, and the silicone ladder 
polymer represented by the formula in which each of 
R 1 and R 2 is, independently, an H atom or an aryl or R4 q 
alkyl or functional group having an unsaturated bond; 
each of R 3 -R 6 is, independently, an H atom or an aryl 
or alky! or trialkylsilyl or functional group having an 
unsaturated bond; some of Rt-R 6 is an amount of 1 
weight% of them is a photosensitive functional group; 
and (n) is a natural number. This photosensitive 
silicone ladder polymer composition comprises this 
ladder polymer and the photosensitive cross-linking 
agent or the photopolymerization initiator, and 
therefore, it is insolubilized in solvents and made 
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ty^, 2. 6-^(4' — r^'H'O^f/U) — 4— > 
^Ao^a^M^yy. 2. 6-y (4' -Ty'Ky 
If^) — 4— xf/Py^n^ty v. 2, 6— £y ( p 
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[n. n— V ( 2— Xh^yXf;K ^7tV75 
h\ 4, 4' -y'7yKXf;Ky-2, 2' — ^ 
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2-^nw^tyv>, 2— yfvi^t^iryy 
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S/xh^— 1 . 2-y7x-/PX^/y, l-7x- 
A^l , 2— ro^V^V— 2— (o— xF^riofr/l' 
*-/^);*3rW^ 3, 6— i? ( 2— *?-A^2 — ^fV 

y*v y/DA-y-^) — 9— ^fv^/i^y^K i 

— h Ho^y-yynMy/|,7x^hy. 2— y 
^)V~ 1— [4— (y^l^-:*) 7x^/H — 2— ^ey 

y— 1— ru^yy. 2 — cys^— 2— s/y^- 
A-r$y— 1— ( 4-t/i/7t'jy7x^) — yy> 

— 1— 2-tKo^y-2-^f/l-l-7x- 
;|,rny^- 1— l-[4-(2-hHo^yX 40 

F*^) 7x»;H - 2-hKn^y-2-^f/Kl 
-ro^y-i-ty, y'7y^7tX7^ytW 
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— hn7^'Jy, 7x7-;k P~-hP7xy-/k 
2 , 4-y^hD7xy-/k 2, 4, 6— h U-ha 

7xy- ;k \yX7/kfth\ 9-7yh77/kft 
h\ r^hy^yy. ^y/7xyy, s^yir^r-e 
F>\ ^y^'/K p . p ' -y7^y^y/7xyy, 
p , p' -y^f^7$y<y/7xyy, p . p ' — 

1, 2—ryh*yy. 1, 4-t7W^ ryh 
y*yy, 1, 2^y/7yh7^yy. r>-ho 
>\ i r 9 —^yVTy h7^yy, 6— y*— iw- 

1. 9^y/7yh7^r/y, 3-7x-/^l, 9 
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— i— r^y^y^uy. n-7x-;H-^7y y f 
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'jyf^y7x-/^2, 6-y'7x-/lf 'J 'J ^ 

-yaw h. 3-v-h^-e»j>. 7U/^7'jy, r 
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;U) h'JXh^yy7y, r-(^^^i0^y70t 
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N, N-yXf/P75/Xf;P7;"Jl/ 
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1 1 

f*/l-T?yu-K 2-xKyXfiM^; i Jl/- 
K 2— 3L^)V^$;^)VT9 VU— K 2— xf-/P^ 

>Jisist]sT7 l JU-h. ?>J i/it)V*9 9 'J U— K ^ 
T^f^7nnfi//P77 'J U — \7^f^70D 
fy/M^^'jl/- K 2-hKn^-yXf;|/T^l/- 
K 2-hh'o^yXf/M^^I/-h. ^7D7^K 
^£tt2— t Ko*^X?vPTy*y 

^-r>A?o^>f h\ 2-hHn^i/rpe/l/T^y^ 

— K 2-hKD^yrntr;M^;'Jl/-h, 

i^r^yu— k ^fyf^M^^yi/^h. -fv* 
^^/ur^'JL— k >fy^^M^^u^»h. r 

— /^^'Jn^y7n^h »J* h*5^^>\ 2— y 
h^x^T? »Jl/-h. y h*>^x?-l^y<yrj 
— /Py ?y*y]y— K y h^hyx^-ly^y 3 — 

y h^s^h^xfo^y'yri— /ky^U 20 
y h^S/tfyx^ly^yn— /py^y lx~ 
K Xh*i'i?rv3\zuyinja—ft'T? l JU—h* y 

tKn^yrne/P7^ , Jl/-h, ^y^S/X^/kX 
f;'JI/"h, 7x/^ryyXf|/y/'j3^7;'J 
l—K ^xy^S^h^x^k^y 3— /PT^yk 30 

— K ^jty+^^x-^UV^Un— 7PT^ »Jk— 

K eoss^^ b^fty y87^'Ji/-h, eo$ 
te*? b^Mfcy vKy^yk-K 7x-;m^ 

Ul— K EO$tt»J>«7^'JP-b. E03ttt»J> 
Ky^yw-K EOSEttrh^^U^Kr^'JU 
-K EOSST'KyMyR^^^'jl/^h. EO 
Sett^xy^^U^KTx'UU-h. EOSEtt7xy 
^■yftUyBtx^^yiz-h, E03Ctt^^;l«Ty'U 
k-K EO$67^l*X^;'J^h, EOSEtty* 

9-)vmr9 x )u-b. eo. po$e7^/i*x^^ 40 

yk-K ^'Jxfi/y/'j3-;M^;'Jl/-h, * 
>j7otri/y/'j3-^5';»ji/-h, ^'jxfi/y 

—a, /it *jyxjvu>7 r *ja -;^y 
K xf7'J;M^^»Jl/-h, E03ftt3y\^KT^ 
yu— K E03£&a/\7m*?7VU- K x/P*v 
RV-yxh^y7^Ul/-h, ^yKV-fxh 
3r>-y — K f b77Wnrn^7^ l JI/ 

— K fh7 7 J 'l/^DrDtr/M ??yk— K ^^u 
77hy$ttf h7tKD7;l,7 1 J/P7^ , Jl/-h. h 
'j70DXf/i7;'Ji/-h 4 h'j7nnxf/M^^ 50 



ftlSHT 1 0-3 1 9 597 
1 2 

'Jl/-h, n— ^^Ty*yi— K is? a^z/fr 

r?»JU— K n-f>;WJl/-h. y^^o^>- 
r^P^yXf^^'JU-h, 7xy^ryXW^ 
'JL/-h, 1, 2-A,^tyy^-^y77'JU-h, 
h 'J^fn-^rp/Oh^^ »Jl/-h, h 'J7ot 

Uy^'j3^y7^'JL--h, 2— (2-Xh^yX 
h*^) X?-/l/r?y k— K WJ^'JI/- 

K f f7th'P7;l/7 , J;l/7^ , Jl/-h, ^*>y^T 

^'Jl/-h, 2-7x7^yXW^ , Jl/-h, >fV 
fy^77'Jl/-h, >f y*??-;PT?yu-K Ml 
fy^7^UI/-h, ^707; h>Ty*y k— K x 

h^yfty-^xy-AT^'ji/^h, ry/Wb^y 

PMy^y^'jl/- K 7^ 'JMM V >-Tj* U— 
K V ( 7; »JD* y *^yf 

— K xh*s^s^7iy— /I'Si/r^yu— k 

^y»^A5yy^^'JU-h. Xh^yfty'7x;-^ 
A^y^y>JU~h. Xh^yfty7x/-/PFy7; 
»JU- K yy^o^^-;Py'7;»JI/-h, ECH 
$ftyXf l/y/'J 3-;^y ^ ^ 'J I/- h , Is^s? 

x y x y h — /i^^r ry^;i^tt^ 
y^x , JxuMKy^7; , ji/-h, T/^;i^tt 

yXy^xyx»Jh-/krh77;'J^-h, TVMr^ 

SEtt^^xyxy 1— /uhyryyv— k fi-rxi 

y3SSyXy^x'J x y h wkv^ry U U— 

K ECHSgttX^ly>-^y=I-;^ry*y V-h. ^ 

y^rn— ;ur^yu- h/y^^yt— ^y-tro— 

/kv'y^y- »Jk— K ECHStt/'J-bD-/Pf'J7^ 
•JU-b, ECHSS1, G^tyy^r-^yT^ 

yu—K «BBtt*^T^yu-h. jyaisawss/y 

*?yi"-K ^h^yfty^PMy/^^'Jl/- 
K ^^^/^yn-y^T^yi^-h. bh'o* 

^tv\'y yi*^f;k/>j =?— n^r? y w- k 

7WJi/-h, x^ry^sr^tt^y^xyxy h 
-^ryyu-K Eo$tt'jyKy7^ui/»b. 
Eo^y^Khyry y k Eostt^Ry^ 
yyyt— K ^707^ h^Eo^y^g^'yyy 
yu-K ECH^tt^^yuKi^r^y i/— ech 
gat^ohriyv^yn-^Ty* y 1— k fh7/p 
ty7x/-;l/Ay7^'Ji/-h, h y x^-kyy'y r? 
— ;U^'t'x;px---r;K h y yy -to— )VzsT 9 V k— 
h . P 0$ft h 'J ^ f P-/P7P A*y h 'J 7^ 'J 
K E C HStt b 'J ^ f o-;l,7nA-y h »J 7; 'J 
V. ^7P7^f/$tth'JX (7;'Jn^yXf;l,') 
>fyy7;i/-h, h yx (y y? yn^yXf;H A 
VisTZU — K yy^y'7^'Jl/-K 1. 3— 
>^*— 7 'JU--K 1. 4-7^yy^y 
T9V\s—b. S^Xf-ly>^y 3 — /Ui/'Ty 7 y k- K 
rjxfI/y/'j3-/Py7;'JP-h, T*h^X^-lx 



1 3 

fl>iST7VU—h* h'JX(2-tKP^i/Xf/P) >f 

u—Jl>7v;*>bVT7VU—b. ^of^J^b—ti- 

^hUT^UU— K i, fa? *) -bVT? l J 

K ^y^x'jx'J I — ^fh^r^'J^h, 

i/ft^x'jx'j I — /kr h^T^U V— K 

hxxf/k fh7bKP7/l'7 , J;M^ 

'Ji/-h, tfyxf-^i/^ya— /ps^^yi^— k 

1, A—79Vis*—}VV*99V\s—b^ yxfl/y 
—)WJX?9V\/—b. Vn—iVzs* 9 

^yv— K i. 3-rfi/y/'j3-;^^^ , Ji/ 

[0 0 3 9] BJ^. *56^3ofctt^y n->-^r-* 
fiHB««!fcfc LTli. J^Hfc* ( 1 ) T*S<x&^y 

( a ) 33fcfl^***«i#fi^6^ 

( b > mmmm^jm^t^it^mhmmiiaz. 

( e ) WKfflJCfta-dtc^tS^^y v-£*rl±3£S 

[0040] *»*vc*- v»£fcSa±. 
l:±£-«S ( 1 ) T**/iSi'U3->'7^-*«B 

tr*JHB3W. fcBHftfiWl ££*j]JH. i/=7>i]-,7 



( 8 ) fSga^F 1 0-3 1 9597 

1 4 

>MB5rif<0*4fc«ttlrtH=**L. ±JdffiISffij£»)JS 
[0 04 1 ] ±JE8!fl§*fij£!ftrt±. ifi/'J3-y7^- 

[0042] JJSMifflWiJJEi'U 3->7^-*fi 

^'x-?-/l-x— tvK -fV7obPx-f/l' > xf;p 
*;py/pt\ n-^f/PenUFV. n, n' — j^f- 

[0043] _LSISffi,-«D£ftl^±£-fimi8ffl t«W Lt: 
&3r&a^ iiSf2 0 0 0~1 OOjtemt-Ti. 

[0044] immnmvmt lx . ±s^^ 
-/ru >^*r i o p pm£mz.hmx.x-mm£m 

^ L< . mUZ*.. *9J->V. JfvU>, j< 
50 T-fcS^. m&t— StKn— fh7t 



1 5 

;K xf-/Mr/PV/t-:7\ n-^f;ltoiJ h>, n. 
n' — : J* T-iV-fciVlsr 5 K^r if tfmfhixhtf, Zti 

jftjfeb« i o P pmnmcomiM. tzamtoi-crmmfim 

[0045] ±£S3ttCfflo&|^«^: t'cwti7t<±& 
^?--C0Utf3 0 0 n miJlTO«[SSr* •/ h UWfci 

<. 2 5 0~5 0 0nm<Ofcg<D3fcT<il OOmJ/c 
m*JJUbT* H-V lOmJ/cm'iOft^ 

[0046] TtSSWJiHRtcSSvtrTfTP* 5 , S 

[004 7] ±B/^->ife^^fc:fcv>T. S 

[0048] mmi±ssim.mtziisim±m^ 



( 9 ) ttm¥ 10-319597 

1 6 

9i£^£\ X"/f-v;7T$fgfc 'JyxKHacDjatf 1 0- 
500W-^rSJ;9tL. -?-cO«0igL[s]»li2~5lHl 

[0049] *&9^Ji^*x^<DjgJH£8tftLfcl6 

WL^v^SFSilfcLr. ^v-tf^, l-Axv, JY-*^ 

fh7tFn77>, i^t^y. S--'^ h^r^'v 
y*£y, n-^Wo'JHy, n , n— s^xfvl-jfc/t' 

ATS F, n, n--/7f^7-th7S K, ?aa^f 

n-V7^-^«l§fflfi£!H^)x ~,*y7f!jf3i: 1 O 
20 ~5 0 0fHrTS*:*>fc:0. 5-4 0^m/M)») 

[0 0 50] 'JyxtfflV^'J^iSfcLTa, .TcOtH 

trh>3k^ x— 7^;^. X7-f;^. >^?yftM. 

-ft***, ^v-tf^, r^^df^v-bv*. sttt^ 

30 ^V7nAy-;k 7^/-;k if;Ky-k'y. 
T-)V<.y*£y^ n— r^-;px— x/i'. n— ^^firy^rfc' 

[0051 1 ^i>. 3BflM±J^BlBffl*«llR*-_hax-y 

[0052] i;^. 3S«»S*tt^ y 3-y7^-*« 
Bsa^»*iR^o«y*<±. ±£WBgffij£«iiS(=s:ft^^5 

~180*H5«#L-CfT3. 
40 [00 531 J^S«»tO'^-y*>1g^$tTjtJ553fctt 
v U a-y?y-mitemLV>imt:5E£iz&tetZfiiib 
£*--7y£m^X. ^+^^<i«»T. 2 5 0-cm 
±O«fflrtc0jRg*iaKT-57J-J-Xh, *ftc280~400 
•CT3 0*tLhJlgR^-.S*X h^-i? Srff o 

xf>t. mtMWJ : 2 5ox:x r )m^ f ^7sm^m ! 

[00 54] HD*>, iLtE^*tt^'J3->-7r-^aig 

mmtmic^?-y£^i-&>*7-yi&?imii. -> 

50 WTOXS ( A ) — ( D ) tfl&Ztil . Kcti, &%&H± 



1 7 

(A) «3(£tt^'j3-v^r-««|ga*W^^«- 
-/'J^7- (XM/-y) -*5£-> 

( b > safittxy - > ^ r-^a^ffl^^rm- 

(XhU-y) (XM/-y) -3E3fr- 

(XhU-iS) -*^-y*^ (XhU-y) — *X 

(d) ^^v>>^ru^^^tf»«c7>^»^--^ 
is) — (xM/-y) -3S«-*.2X-y* 

[0055] ±M^^—-y^tif^m^^ v 
sw*Mt. sift*tt. ««^tt. ig&xm&z 

[0056] ^»*S«tfc:±a 

y7#SR. ^-/^-^3yKt>J:?/affi«ISRi: LT 
[00 57] 

immm 

mmi. J^HfcS ( 1 ) +<0Ri . R2*^:Tt'-;^ 
R 3 . R4. R 5 . Rb^^^C**). 

S£>£3M*%<02— 1— [4— 

Mf-n^*) 7x-/W-2-^y7tyy-i-r 

S^V^SaoU ft«^4 0 00cpst:|KL^»t 
mtis y rj>^xy\±tcxe^-?:fflV^T^2 0 0 0 

EWEcoarcsasu rj? 2 o ^ m<o«£*Hj£iMR 

ztiz. 1 3 o*cr3^ra^*y hru-h±rs«s 

^T) Sr5 0 0m J/cm2Hg#tL. 150*CT'2#fa 

^fy^yi/yt <0SflUt** 1 / 2 <9E£t8£x -/ +y 
yxmt LX 2 5-CT-3 0»fa?iaiS«^Ro/:i:; 



(10) Rgij^ 1 0-3 1 9597 

1 8 

[0 0 58] iafe^2. iJSHR* ( 1 ) *<0Ri. R: 

mr'j/n, r 3 . Rt, r 5 , Ret^mmf-xh 

^h^y<y-t>$-lIDi., ?*>t:i011%ol-tH 
10 P^y-y;n^y/P7x-/Pthy, 3fiS%<03 

0. 5ll%<0r-ra/ra^bijxh*yy7y 

tsanu ttJS^iooocpstci^t^aTttt^'J 

>J n>-r>a:yN±tcxt:^-^ffl^TS7>2 5 0 

S£EtIc«*T^>T) ^200mJ/cmM«L, 
20 #fflm^i5V^-C12 0-C"Cl7>H^-/hrU-hJiT 

Xy^v^SfcLT2 5iCT3 0»BMHiLfc». 4 V 
rnyv-;^'jyx»t LT2 5TTC3 0#fS»»L 

[oo59] msmi . ±u-Htes ( 1 > *ori . r 2 

30 ^)9 5%!(l { 7x-^ 5%**b'—/WST. Rs. R4. 
Rs. Re^TK^JK^-CfcO. MA^*ttTJkWl 57J<T) 

>f Ku^yy, 3a%ON-7x-/l^r-7^/7 
at:;UM;y<h^>-iy^y$:aaDL. tt*J:3000c 

fflV>Tt^2 5 0 0ill»W«8r««6L. SS8jum^ 
40 SaBg««!ftlK$:^3t. -ti^. 1 3 0*CT27Ma^v^h 

STx-mm (m&FE^mi^y-r) ^300 nmtir 

OTt$r^ •/ W#7X7 >f ;P^-^jfiLT 5 0 0m J 
/cmtmtLt:. ^^>(3. 1 2 0*CTl»fa*v hr 

^ ^v-fe' v t * is v ycom&ltJr 1 / 3 T* ^> S^«t 

tx-5r^y^«fcLr2 5x:r6 0fMSiWfLfca. * 

V^Stt LT2 5X:T'3 OfMBWWtLaKftSr 
50 7^-*«ISiaa»H*»^. =t*5, 2O/zm0^^tt 



1 9 

covx 9 -cxm l xm& Ltzm^mmnm^ma^mt^ 

[0060] £Efc#|4 . ±JE-«^ ( 1 ) +<ORi . R: 
O5 0%^7x-/H, R 3 . FU. R 5x Rs^'FlMf- 

ggO h^r^O-tfV^an^. ££>£3**%<02, 6 

—i? ( 4 ' — r^H^yif^yu^^- y^r^-y K) 
^/U^o'v^yyfcSstaU M^2500c P 

v^T»^3ooo[HBfe<7>a^r^ffiL. mms/xmcom 

Jg«J««R£*i*:. S*#ffl^*^^T 1 3 

r) £500mJ/cm*H8#L;£. ->^"C. ^ F^ 

^-tfy fc^r^u >cos«it# i /3-c**»&»£ x 
v+yrmt tT2 5x:-c2 0B«BsaL^a. 
v?: y yx»h lt 2 5xrc2 o*M^auK*£fr^ 

x^^*ffltLT»lSL^«E««»»OBBP^3& s 2 1 

[006 1116*^5. ±SHR5C ( 1 ) *<ORi . R 2 
<^)7 0%Wf;H. 3 0%R'-/^it, Rs. R4. 
R 5 . Re ^mm^Th 0 . S*¥%5H*&* 1 0 77 

^5il%^2-^f;lA-l- [4- ~? 

m%o2, 4— ^^/i^^iryyv^aanL. fits 

£2000c P s trlBS t^rJ&ttt^ U >^r-* 
«E^«K7«RS^#^. lill^tS'yrJ^xyyi: 
£L*\:-r-£m^T&fr2 0 0 0|eBfec7)3ftrt^te 

HS\*fc:±>^Ti 5o*cr2^^^ hri/-h±T« 

7^r) ^300mJ/cmZ!S«U £*9£HSv*K 
fcWC 1 50TTC25HSI*-/ FTU~F±T1**J1L 
mv£\ Xtr>S«S^fflV^T, >F*v"0"fcfV 

fc * ^ u y<ow»ifc*f i/4rj>i £x ^ ^ ^ ^ 
?«t 5*HSra9tL*:SL ^^'Jy 

X»hU2 5X:Tl 5^«6»L3S*£?ro*;h,L 

mmmmtftK. ^i>. 1 o^m^co^ifoovx^T' 
ymLxm^tzm^mi^mcrmu^wpi o. 5^ 

m<t>T'b->tz. ±tz. ^9-ycr>jmk^^m^T^L 
[0 0 6 2] Ilifc#!6. ltl%^r-r = 7rotr;P 



(11) *$g3^ 1 0-3 1 9 597 

2 0 

F F^^^Sr^tM vrotr;PT;U3-;U}ga[ 
^^'Jrjy>Jiy\±{cxt-t--?:fflv^T^l 0 0 00 
feOitftT'Hft^S L . 1 0 0-CT*l5Wa*-y h^U- 
H±Tt6«S**H»fliL^. ±Sd-«^ ( 1 ) +*5R 
u R2C09 5%tf*^-JUm. 5%#TLJ/UST\ Ra . 
R 4 , Rs. R6**x?-/m*9. mS^*^H^ft^'5 0 

££>£5SS%<?)4. 4' - i?T V F X +)V*^y— 
2. 2' — ^*[n. n-y (2-Xh^ri/Xf;l,)X;P 
10 7t>75 FSrSHmU ttJSS: 1 500 cp sfcif^L 

Jhf£?g*££ L^'J3 v^xy tr-*— £ 

ffllvC4^2OOO0lfrO^T^U RSI. 6ju 
mCOffllifi^ttlR^^. <Tfl£. 130TrC2iHSI* 

*mSTT«^« (j®^JE*«*T^>-^) £300nm 
OT^$r^ -/ F-TS^X^ i >U?-£M LT4 0 0 
mJ/cm*mtLtl. ^F^^V-fcf^t^r 
is\s>(Vgjitit& 1 / 2 -Cfc^a^JSSrX^ ^ V^jRi: 
20 LT2 5*C-T6 0»S?tSL^», ^yjr»jyx» 
hLT25X:T30^iaga[t««5:ffo>t:fc^^. W 

tomznt:. *i5. 2o^m^c7)^ffi^)vx^"cieRt 

[0063] mm7 . JJSHR* ( 1 ) *ORi . Ri 
O9 0%A f 7x-;H, 1 Q%tfT9Vu*i/~Tn\Z>\s 
R 3 . R*. Rs. R6^*Sm^T'*0. SJH 2 *^ 
30 ^ 7 77 U 3 - > ^ F ^y^f 

V^JPi. $^>t:5*»%04. 4' — y7yHXf;l. 
2, 2' — S/[n, n-y(2-Xh^Xf 
x;^7tyrs Ft lti%05h7*-^bX 
0. 7 5tl%On- )\^~r— T$y^utr;PF 
F^r^^^>-$:^*JL. fftKS: 2 5 0 0 c p s tlfl 

iasa^y^y^x/xitxet-^ffl^t* 
*2 0 0 0l5lRco3aJS"^mL. RS2. Qumcrymtk 

mmmtvbti. zti*. i*tia*c^Ti3o 
^»lt. (&i§ff*«*T^7-) 

$:5 0 Om J/cm 2 Bggtt3t. O^T\ ^ F^r^V 
-tf > t > com&ittf 1 / 2 T'*> S ^«t$:X ^ 
y?mt 1X2 5^6 0^131^ *risUy* 
'7 LT 2 5-CT3 0#raSaL3S«$:fio^fc 

T'giKLTML^SJIIMMcOSn^A^ 1 urn 
50 TWKLfctt*. fiffT'*ofc. 



(12) 



*$BH¥1 0-3 1 9 597 



2 1 

[0064] §£ft0«8. 3lLi%^n-7x-;t— r- 

r = yrotr/uN gy h^xx^yir-g-tr* h^s^y 
ooo@l£<oiSKrigte£ffiU ioox:t'i^7 

( 1 ) +<7>Ri, R2^*Ct-;H, R 3 . R4, Rs>. 
Re ^**H^FT*> 0 . 1 0 7JtfO^ »J 

^-y^r-jmm^h^^y^y^mt. ££>ic 

1 0fi%Ol-tKn^fy-i/7nM^7x^ 

>\ o. 5Ii%£Oy\>f Ku*y>\ £&JnU 

4 0 0 0c P s|:iSU^»yijn-y7/-^ 

>-^x^±£xtr^-fcffivvt$*#2 0 0 O0etO*JK 
TML. IW8 0iumOHBIUeiMR»fl^. 

1 5 0X:*C2iHa^-/hTlx-h±T9a»$*. 7 

OOOmJ/cmWU BWIW*MJ^t 1 5 

^ff^X^^^^yfft lT2 5*Cn 2 0SH5KS»Lfc 

[0065] ^fc«9 . Jh£-Hfc* ( 1 ) +ORi . R2 

tz2onm%co2. e—is (4' — r^'H^vif^) y 
t^^n^tty ^taauu ttff^ 3 0 0 0 c P s 

mtimmt&ti. ztit* 1 ioxrc2imt^hru 
1 / 2 -c* * x *y * y t lx 2 5 *cr 

2 0#fSI<0ig« s iSit^s/l^tl^XiKfc LT2 5 
TTC2 0^cO?ia^3cSCc3[Hl«03ELTS«?:ffo 

x^r«Lt»«Uc«l»fflK^lllPtiE* J 2 1 

[00 6 63 16*0110. 2tl%^r-T5yrnL J 



2 2 



fc=*t^-*ffltvtfe#l 0 0 0 HME<7«tJ*T[IW6»« 

u 1 ooui»7 hru-h±Tie«s-fr*ffi 

«UIL>t. ±Jd— «W: ( 1 ) +^)Ru R2^Tt-^ 
R 3 . R4. R5. R6#**E^T*A9. M^*^ 
T-S^MOTjO^Un-v^^^fiaflgtZ^ h^r^> 
-fcfVSrJll*.. ^^C7Ii%^2-^f/lA-l- [4- 

(y^;Hf-*) 7x-^] ~2-ty7 4-'jy-i-r 

10 >\ 2mfi%oh'jjc^y-;ur^>-^aataL. tts$: 
4 5 0 0 c p s Lfcaattt^y 

>^^±fcxl^-*^vc»#2 0 0 0 EHEOjIK 

-h±Tsass*T. 7thvx^^a*u sn$i* 

(gSffi*»T7yr) ^500mJ/cm^i« 
U 1 5 0t:T2^ia^^hr^-hJiT}!M*31t^:^ 

20 i-yh^aui^n/2Tfc^a^^^^^»t 

LT2 5X:T3 0»fSI^?i». fcirWfv'UVfcyi/X 
LT2 5X:T3O#fa^aa^XStC4lHl»03&L 

mtrt&wi 03vm4>xb->ti. w—xrm 
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